Biologically active peptides bearing pyroglutamic acid residue (pGlu) at the N-terminal are widely known. The removal of pGlu residue from a pGlu-X-peptide (X, amino acid residue at position 2) is required for the primary structure determination by Edman degradation. Our previous studies indicated that pGlu-X peptide bond is highly sensitive to mild acidic conditions, generating not only the ring opened product (H-Glu-X-peptide) at the pyrrolidone moiety of pGlu, but also the cleavage product (H-X-peptide) at pGlu-X linkage.
cleavage reactions, these peptide solutions were divided into ten aliquots (100 ml each) in polypropylene tubes (2 ml), which were tightly capped and kept at 25°C in a thermostatically regulated apparatus. Samples were removed from the apparatus at an appropriate time (shown in Figs. 2-9), neutralized under cooling and kept in a freezer at Ϫ40°C until analysis.
Identification of Peptide Fragments Produced Incubation solutions of biologically active peptides (3-5 mg) kept at 25°C in aqueous MSA solutions (3-5 ml) were subjected to RP-HPLC employing a YMC-pack ODS-AM (1ϫ25 cm) column. Materials corresponding to each peak were collected and lyophilized. Structures of the isolated peptide fragments were deduced by amino acid analysis and FAB-MS, and then confirmed by co-elution with authentic synthetic peptide on analytical HPLC using a Puresil TM C 18 (4.6ϫ250 mm) column.
HPLC Analysis of Peptides To determine the amounts of the remaining starting materials and the cleavage products, aliquots (15 ml) of each of the incubation solutions in aqueous MSA were subjected to RP-HPLC analysis. The peak areas of the starting materials and their hydrolysates were compared with those of synthetic peptide samples. HPLC analysis was performed using a Puresil TM C 18 (4.6ϫ250 mm) column, a gradient elution with varying concentrations of MeCN [16 to 24% for Gn-RH (1), BPP-5a (4), and NT (5), 16 to 28% for d-NMU-8 (2), 20 to 25.6% for PH (3)] in 0.1% TFA for 40 min at a flow rate of 1 ml/min with detection at a wavelength of 210 nm. The HPLC analysis of the acid hydrolysates was repeated 4-6 times. The average values varied in the range of Ϯ2.5 to Ϯ5.0%.
Results and Discussion
Cleavage Reaction of Gn-RH (1) Gn-RH (1) degraded rapidly in 70% aqueous MSA at 25°C giving various decomposed products. Thus, the decomposition reactions of Gn-RH (1) and its hydrolysates were examined in various concentration of MSA (10-90%) at 25°C for 4 h. As shown in Fig. 2 , the increase of MSA concentration promoted the degradation of Gn-RH (1). In 30% MSA, deamidation of the C-terminal Gly-NH 2 occurred predominantly, to produce Gn-RH-OH (1c), the amount of which decreased greatly in higher concentrations of MSA. In 70% MSA, Trp 3 -Ser 4 peptide bond cleaved mainly, to produce Gn-RH (4-10)-NH 2 (1e) and its counterpart Gn-RH (1-3)-OH (1d). Decomposition reaction of Gn-RH (1) was promoted in higher concentration of MSA, but the cleavage at the N-terminal of Ser 4 was suppressed in 90% MSA. The production of Gn-RH (2-10)-NH 2 (1a) markedly increased in 90% MSA. HPLC profiles of the incubation mixtures of Gn-RH (1) in 70% and 90% MSA are shown in Figs. 3A and B, respectively. As seen from the time courses of Gn-RH (1) and its hydrolysis products during incubation in 90% MSA at 25°C (Fig. 4) , pGlu-His peptide bond predominantly cleaved to yield Gn-RH (2-10)-NH 2 (1a) as a major product in 3 h, while Gn-RH (1-3)-OH (1d) and Gn-RH (4-10)-NH 2 (1e) were the minor products.
12) as the main product, and [Glu 1 ]-NMU-8 (2b), 11) d-NMU-8-OH (2c), 13) [Asp 8 ]-d-NMU-8-OH (2d), 13) and d-NMU-8 (2-8)-OH (2e) as minor products (Fig. 5B) . However, in 70% MSA, the deamidation products (2c-e) at the C-terminal Asn-NH 2 of d-NMU-8 (2) increased greatly, and the main decomposition product was d-NMU-8-OH (2c) (Fig. 5A) . The decomposition reaction of d-NMU-8 (2) proceeded much faster in 70% MSA compared to 90% MSA.
Reaction of PH (3) Incubation of PH (3) in 70% MSA at 25°C for 12 h gave numerous peaks on HPLC chromatogram ( Fig. 6) , however, the main product was PH (2-11)-NH 2 (3a). Cleavage at Asp Ala bond, however, the production of PH (4-11)-NH 2 (3f) in 70% MSA was slightly higher than in 90% MSA (Figs.  7A, B) . The deamidation at the side chain of Asn 5 and at the C-terminal Met-NH 2 was insignificant.
Reaction of BPP-5a(4) HPLC profile of the incubation mixture of BPP-5a (4) in 70% MSA at 25°C and the time courses of BPP-5a (4) and its hydrolysates are shown in Figs.  8A and B, respectively. After 2 d, 24% BPP-5a (4) remained in the incubate, and the yield of BPP-5a (2-5) (4a) was 56%, the ring-opened product [Glu 1 ]-BPP-5a (4b) was less than 1%, and the other minor products were not determined.
Reaction of NT (5) Incubation of NT (5) in 70% MSA at 25°C for 24 h produced complex degradation mixture as seen from the HPLC chromatogram (Fig. 9A) . Main peak in the chromatogram corresponded to NT (2-13) (5a). Four other peaks were also identified and the remaining small peaks were not determined. The time courses of the hydrolysis products are shown in Fig. 9B .
Selective cleavage of pGlu-X peptide bond was performed in either 70% or 90% MSA at 25°C for all pGlu-X-peptides examined in this study. The reaction of Gn-RH (1) yielded more than 60% of the X-peptide [Gn-RH (2-10)-NH 2 (1a)] after 3 h in 90% MSA at 25°C. The cleavage reaction at pGlu the hydrolysis of the other internal peptide bonds in Gn-RH (1) were suppressed. However, in 70% MSA, the cleavage of an internal peptide bond of Trp 3 -Ser 4 , was the predominant reaction. The cleavage of the peptide bond at the N-terminal of Ser was possibly via N-O rearrangement reaction followed by the hydrolysis of the ester bond as seen in concentrated hydrochloric acid. 14) In 90% MSA, d-NMU-8 (2) yielded the X-peptide [d-NMU-8 (2-8)-NH 2 (2a)] as the main product. While, in 70% MSA, the greater decomposition of the C-terminal Asn 8 -NH 2 took place compared to the cleavage of pGlu 1 -Phe 2 bond. Concerning the decomposition of peptides bearing C-terminal Asn-NH 2 , we recently reported the stability of porcine neuromedin U-8 in detail, where it was shown that the Asn-NH 2 portion was hydrolyzed to produce peptides bearing Asn-OH, Asp-NH 2 and Asp-OH in dilute acidic solution.
15) The hydrolysis experiments of Gn-RH (1) in 10-90% aqueous MSA (Fig. 3) showed that the deamidation reaction at C-terminal amide portion was enhanced in lower concentration of aqueous MSA. The reaction of PH (3) yielded the X-peptide [PH (2-11)-NH 2 (3a)] as a main product, demonstrating the cleavage of pGlu 1 -Ala 2 peptide bond occurred to a greater extent than the internal peptide bond of Asp 3 -Pro 4 , which has previously been reported to be one of the most susceptible bonds to acidic hydrolysis. [16] [17] [18] Treatment of BPP-5a (4) of the internal peptide bonds or the deamidation at the side chain of Asn at the position 5 in 70% MSA, resulting in the appearance of numerous peaks on HPLC chromatogram (Fig.  9A) , with the peak of NT (2-13) (5a) decidedly the largest. When the hydrolysis was carried out in 90% MSA, the unknown peaks eluted earlier (t R Ͻ35 min) on HPLC chromatogram became larger than peak a (data not shown).
The half-life period (t 1/2 ) of Gn-RH (1) in 90% MSA at 25°C was 1.4 h (Fig. 4) . Previously we reported a highly selective cleavage of thyrotropin releasing hormone (TRH, pGlu-His-Pro-NH 2 ) under similar conditions, where more than 50% of TRH remained intact after 72 h. 5) Thus, there was a large difference in the susceptibility of pGlu-His peptide bonds in Gn-RH (1) and TRH under similar conditions. In each pGlu-X-peptide, the cleavage reaction of a pGlu-His peptide bond seemed to be greatly affected by the amino acid sequence that followed it. The t 1/2 values of the other biologically active peptides were quite varied at 72 h for d-NMU-8 (2) (in 90% MSA), 15 h for PH (3) (in 70% MSA), 20 h for BPP-5a (4) (in 70% MSA), and 15 h for NT (5) (in 90% MSA). Thus, the susceptibility of various peptide bonds including the pGlu-peptide bonds was dependent on the primary structures of these peptides.
Present study demonstrated that the selective removal of pGlu residue from various biologically active peptides could generally be attained by means of high concentration of MSA at low temperature, which may be applicable to structural examination of pGlu-peptides. 
